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1  IDENTITY

1.1 XNomenclature

- 1.1l Valid nama
Penaous aztoecus aztecua Ives, 1891
1.12 Objeotive synonomy

Penasue brasiliensis, var. azteous Ives,
1891, Proc.Aced,.Natur.Sci.Philadelphia,
ALIIX1190, | . -

Penacus aztocus Ives, "Form A", Burken-
road, 1939, Bull. Bingham wceanogr. Colln.
6(6)t 26,27,34-45,figs.20,21,24,30,31,

- Xenaeus asztocus aztocus Ives, Pérez- -
Farfante, 1967, Proc.biol,Soc.Wash.(8): 87, .
93. A

1.2 Taxonomy

1,21 Affinities

. Suprageneric (to family afte# Woterman
and Chace, 1960) N -

- Phylum Arthropoda -
- Class Crustacea

Subclass Malacostraca
series Rumalacostraca
. Superorder Iucarida

- Order Decapoda
Suborder NHatantia
cection Penacides
Family Penaeldae

oubfamily Penaeinse

Jeneric

~ Qenus Penaeus Fabricius, 1798, Suppl.

- Ent.Syst.1385,408. Type species by seleotion
by latreille, 1810, Consid.gén.Anim.Crust,
Araobn.Ins.:102,422:Penssus monocdon Fabriocius,
1798, Suppl.Ent.Syst.:408. Gender: masculine.

Definition

Rostrum toothed dorsally and veantrally,
Carapaoce without longitudinal or transverse
suturest; cervioal and orbito-antennal suloi.

‘and antennal carinae elways present., Hepatio
and antennal spines pronounced, pierygostomial

- angle rounded., Telson with deep wmedian sul-
ous, without fixed subapical spines, with or
without lateral movable spines. PFirst an-
tennuler segment without & spine on ventral
distomedian border. Antennular flagella
shorter than carapace, Maxillulary palp with
2 or 3 e wents, usually 3. Basgisl apines on
let and ¢ 2 pereiopods; exopods on lst 4 yer-
elopods, usually procont on 5th. Petasma |
symmetrioal, pod-like with thin medien lobes

with or without distal protuberancecsy lateral

lobea often with thickenod ventral margin,
Appendix masculina with distal scgment oub-
irlangular or ovoid, bearing numwrous spines.

| Thelycum usually with an anterior process,

111

variable in shape, lying between the coxae of
4th pereiopodes with or without lateral
plates on sternite XIV. Pleurobranchiae on

- somites IX to XIV: & rudimentary arthrobranch

on somlite VII and & postericor arthrobrench on
somite XIILy mastigobranchiae on somites VII
to XII, Zygocardiac ocssgicle consisting of a
principal tooth followed by a longitudinal
row of smaller teeth which often end in a

- oluster of minute testh, 3Body glabrous,

(After Dall, 1957, slightly modified by Pérez-

'_Farfante).

 Specifio
'nypefachiman

. Neotype and neoparatypes of P.eztecus

were selected by Burkenroad (1939) from spe—

cimena of Penaeus brasillensia szteous Ives

- from Veracruz, Mexico., They are on deposit

in the Philadelphia Academy of Natural Soien-
ces, Reg. No, P.AN.,S, 61, The type speci-

| meng selected for P. aztecus are also appli-

oable to P. a. aztecus as this is the nominal

subapecies. - i

Diagnoensins

- Adroatral carina reaching almost to poa-
terior margin of carapace; adrostral sulel -
desp, long, broad, and of rather uniform width,
not tapering or turning laterally at posterior
end; median sulcus deep, continuous and longs
gastrofrontal carina present, straight, not
forming a loop at the posterior endy rostrum
with more than 1 ventral toothy ocoxae of
chelipeds unarmedy dorsolateral sulci of 6th
abdonimal ssgment wide, relation between keel
height and sulcus modally 1,254 female with
carina of posteriomedian elevation of median
plate of XIII hifurcate; anteromedisl cor-
ners of lateral plates of adult thelyocum not
extended, not converging medially, nor cover-
ing carina of posteriomedian plate of XIIIj
ventral surface of lateral plates of thelycum
not pubescenty tip of distoventiral lobe of
mule petasma not projecting; spines abament
from external edge of distoventral lobe of
petasmay ventral costa of petasma markedly
convex diatally, armed with & compact, slon-
gate patch of emall teeth on the attached edge
outer margin of appendix masculina of 2nd pleo-
pods more or less siralght, or only slightly
oonoave. { Burkenroad, 1934, 1939; Anderson
and Lindner, 19433 Yérez-Farfante, 1367).

Key to spsciles

- Por key to species of the western Atlantio
see seoction 1,21 of synopsis on Peonaeus schmitti
by Isabel Pérez-Farfante (1970),

1.22 Taxonomnio ntﬂtuﬁ

EJ‘Egﬁguﬁn and ita 2 subspecien P, a.
aztocun and P &, subtilis I’éruz-—FarfEnt'ﬂ-, '
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ware ostablished on morphological characters.
P. a. aztecusg is also geographically distinet
from P.n subtilies (Péreg-Farfante, personal co-
mnunication), 1t &lmo appears to be physio-
logically different from P. duorarum ducrarum
Burkenroad, which ia olosely related and has
about the sama geographiocal distribution as
P.a.azteous. Important points of difference
are time of spawning, depth distribution of

adulte, and preference for different bottom
'bypﬁﬂi |

1.23 Subepecias

Penacus azteocus is composed of 2 sub-
8pecles, P. aztecus agtecus in the north and
P, aztecus subtilis Pérez-Farfante, which

ﬁiangaﬂ from Cuba aslong the arc of the intilles,

‘and from south of Cape Catoche throughout the
Caribbean coast of Ceniral and South Amerioca,
and a&long the northern and eastern ocoast of

South Amerioa, to at least Cape Frio, Brazil."
(Pérez-Farfante, 1967).

1.24 Standard common names, ver-—
nacular names

United Stetesas Dbrown shrimp
Mexico:

1.3 Morphology
1,31 External morphology

Williams (1965) described the color.
"Juveniles and young adulta from estuaries or

-was to the white shrimp P. setliferua.
-ous wag less pimllar to P, setiferus than was

- & -
camaron ¢afe, or camardn moreno

FRm/SlDET Penaeus a,aztecus

ooeanio water near shore are usually brown or

grayish brown, ococasionally with darker epots
or faint concentrations of chromatophores at
the pleural artloulations. Individuals from
desper water are light orange (Burkenroad, 15,9).
The tail fan 1s darkened distally and in adults
is edged with purples to reddish purple." White,
green, and red oolor phages have also boen ob-
gerved, and, occasionally, P, aztecus bears the
same abdominal spots aa P. duorarum {Eldred

~ and Huttan, 1960),

1,33 Protsin specificity

Leone and Prycr {(1952) made serologioal
compariasons of saline-~huemocyanin filirates of
P. aztecus, P. setiforus, end P, dvorarum from
North Carolina. Their results placed the brown
shrimp P. aztecus and the pink shrimp P. duo-
rarum clossr to each other than elther of them

P. agte-

el

P, duvorarum. These authors staied "The sero-
logical differences are significant, and sup-
port the theory that these organisma are three
distinet, but closely related, species.™
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2 DISTRIBUTION
2o]1 Total ares

According to Plrez-Farfante (persanal
communioation}, P. aztecus aztecus 1s limited
t0 the emat coast of the United Statems and
"~ the Gulf of Mexico} under the FAQ distribu-
tion code (Holthuis and Rosa, 1965), this
reglon corresponds to the coasta of areas
235, 237, 238, and 311. On the east coast
of the United States tha distribution ranges
from New Jersey (occasionally ito Martha's
Vineyard, Massachusettis) south to Florida,
then through the Oulf of Mexico to about
Campeche, Mexico (Williams, 1965). For many
- years the shrimp was thought %0 be absent
from the southern Mlorida waters, but recent-
1y a few apecimens have been taken from off
the Florida Keys and northern 3anibel grounds
(Costello and Allen, 1964) and from Bverglad-
e National Park (Tabb, Dubrow and Jones, 1962).
 On the Atlantio coast, it is moat abundant in
Forth and South Carclina; 4in the Gulf of Mexico
the center of abundance is off Texas and eastern

Mexioco.

2.2 Differential distribution
2¢21 Bpawn, larvae, and Juveniles

- Eggs and larvas occur in all offshore
waters inhabited by the adultas., Normally,
the young shrimp enter the estuarine nursery
areas as postlarvae 8 to 14 mm total length
(tip of rostrum to tip of telsun). After
spending about 3 mo on the nursery grounds,
the shrimp move back to offshore watera at a
total length of about 100 mm. |

2t 1

2.22 Adults

See peotions 2.1, 3.51, and 5.3.

2.3 Determinants of distribution changee

The determinants of &iatributinn changes
are largely unknown.

Gunter, Christmas and Killebrew, (1964)
have shown that esalinity seems to be a limiting
faotor in the distributiom and abundance of P,
aztecusa and related species. Juvenile brown
shrimp were most mabundant in estuarine water
of 10 to 20f. sealinity, whereas P, setiferus
was most abundant &t salinities lowser than 10%.,
and P, duorarum was most abundant at salinities
of 18%, and above. They also pointed out that
in the United States most white shrimp are
taken off loulsiana, where the inside waters |
are relatively fresh. The greatsst conventration
of brown shrimp is off Texas where bay salini-
ties are generally higher than in Loulsiana,
and pink shrimp are taken mostly around the
south Florida islanda where salinities are
cceanlio, -

Zain-Eldin (1963) reported that in labora—
tory experiments, postlarval shrimp survived
and grew well over a wide range of salinities,
She concluded that ", . . salinity toleranceas .
per se may not play a dirsot role in the growth
and survival of postlarval and juvenile shrimp
in the estuarine environment.,™

- ——maw,
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3 BIONOMICS AND LIFE HISTORY

3«1 Reproduation
3«11 Sexuality

Brown shrimp are hsterosexual. 8Sexes are

easily distinguished by external sexual organs.

Ses Baction 1.21.

Sexual dimorphism is present. At lengths
exoeeding 100 mm, females are longer than
males of the same age (Williams, 1955).

.12 Maturity

lcunrding to Renfro (1964), brown shrimp
off Texas first spawn at a total length of
about 140 mm. | . | -

313 Hﬁfiﬁg-

Mating has never bean observed, but
- brown shrimp are thought to be promiscuous.
The male places a spermatophore inaide the
thelyour of the female before egge mare spaw-
ned. Jpermatophore transfer probably takes
place soon after a femals molts and before
the exogkeleton hardens, |

3¢14 Tertilization

‘External in the open sea. Wa believa. |
that fertilization cccurs when the female ro-~
leases eggs and sperm simultanecusly.

3115 G?H&dﬂ

‘No detalled investigations have been made
on ths relation of gonad size and numbar ot
oggs 10 body length, weight, or age.

| The following descriptions of the stages
of ovarian development have been condansed
from the acoount of Renfro and Brusher (M3)
from stained histological sections:

Farly developingt Abdominal lobes of
ovary have a diamster egqual io or slightly
smaller than that of the dorsal ahbhdominal
artery.
hematoxylin and possess indistinet nuclei,

Developing: Diameter of abdominal lobhes
¢l ovary ranges from slightly smaller than
that of the dorsal abdominal artery to almost
3 times its size. Eggs stain bdlue with hema-
toxylin and have a fine granular cytoplaam
and a distinct, thick-walled nucleus,.

Late developing: Ovaries are fully dig-

tended, The large irregular shaped eggs stain
red with eosin, ~

Ripe: Ovaries are fully distended. Eggs
have peripheral bodies arranged in radial -pat-

—— e

“and a smaller peak is in May.
- oocurs throughout the year but peak activity is

OBoytes and amall ova stain blue with

31l

terns around nucleus. Eggs stdin red with ecsin,
but peripheral bodies staln a lighter shade of
red than the cytoplasm.

Spentt Ovarlss greatly reducsed in diame-
ter; sometimes appear collapsed, and have many
opan spaces surroundad by follicle cells, A
few unspawned eggs ars usually present and rings
of peripheral bodies often remain as evidenoce of
abgorption of others,

This state vlosely resembles esarly
developing stage. Small eggs are loosely soat-
tered through the ovary. Few oBoytes are being
generated in zone of proliferation, and some
ovaries appear to be disintegrating.

Resting:

3.16 BSpawning

Brown shrimp probably spawn over their an-
tire adult range. The eggs ars spawned dirsctly
into the water and there is no nesting or repro-
ductive isoclation. '

Renfro and Brusher (M3), on tha baais of
the ovarian condition of brown shrimp in the
northwestern GQulf of Mexico, came to the follow-
ing conclusionss Spawning doss not take place
at deptihs of 14 m or lesas, At 27 m, spawning
oocura from spring until early winter. The par-
1od of greatest spawning activity is in September,
At 46 m, -spawning

in October through December and a smaller penk
extends from March to May: At 64, 82, and 110 m,

~__spaw:ing continues throughout the year with only

slight autumn and spring increases in intensity.
The greatest percentage of females in the ripe
stage was found in 46 m.

After sxamining commercial catch mtatistios,

.Kutkuhn (1962) arrived at essentially the same

conclusions ag Renfro and Brusher.

Temple and Fischer (1968) took extensive

plankton samples in the northwest Qulf of Mexioo

and concluded from the seasonal abundance of
larvae that the peak of brown shrimp spawning
was from Jeptember to November. Nauplii, which
they believed 1o indicate localities and times
of recent spawning, wers collesoted at tempera-
tures of 17.0° to 28,5° €., -

Workers on the southwestern Atlantic coaat
of the United States, using abundance of post-
larvae on ithe nursery grounda as evidenoes of
spawning, reported only ! major peak of spawning,
which occurs in February or March {Williams,
1959% Bearden, 1961; Joyce, 1965), In that area,
the spawning period, judged from the oocurrence
of postlarvae, is distinct from that of ralated
specles., Williams (1959) atated that any post-
larvae entering North Carolina estuaries bafore
mid-April are moat likely to be P, aztesous,
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Although brown shrimp in the Oulf of Mex-—
ico spawn throughout the year, periods of
heightened spawning are digtinct from thoane
of other commarcially important species, the
pink shrimp (P. duorarum) and the white shrimp
(E. ﬂﬁtiferuﬂy. The peak spawning periods
occur earlier in the spring and later in tha
autumn then those of the other 2 gpecies SRanfrn
and Brusher, MS; Temple and Fischer, 1968).

| 3-17 Spﬂ“l‘l

Ths eggs are round, golden brown, and
tranglucent. Egg diameter is 0.26 mm. VWhen
first gspawned, they are adhesive but harden
rapidly. Eggs are demersal, and, in the labo-
ratory, rise in the water column only when the
water is agitated (Cook, unpublished records),

3.2 Preadult phase

3.21 Embryonic phase
Development of the embryo has not bean

studied in detail, In the laboratory, the
eggs usually hatch 14 to 18 h after epawning.
The rate of embryonic development is directly
correlated with temperature. The most rapid
development was at 30? C, the highest tempe-.
rature tested. No eggs have been hatched
below 24° C, . R S

Jusat before hatching, a sporadic shak-
ing movement of the developing nauplius can
be seen, A% hatching, the egg case splite and
the posterior portion of the nauplius protru-
des. The nauplius, unmoving, appears to swell
until it 1s forced out of the shell; this takes
about 30 seo {Cook, unpublished records).

3.22 Larval phaaa

P. a. aztecus haa 5 naupllal 3 prutozuaal,-

and 3 mysis substages (Cook, unpublished ra~
~cords), Cook (1966) reported no gross morpho-
logical differences between brown shrimp lar-

vae he had reared and those of the pink Ehrimp |

desoribed by Dobkin (1961).

| Cook and Hurphy (1966) uulturedlg..g.

- aztecus larvae from eggs spawned in the labo-
ratory. They reported that particulate food
is not raquired by nauplii, but that proto-
20ae wers fed diatoms and mysis stages were
fed Artemia nauplii. Larvae were grown in
salinities ranging from 24.1 to 36.0% 0o,
Temperature affected the rate of larval deve~
lopmant. No larvae completed metamorphosis
below 24° ¢, Llarvae reared at 24° G reached
first pnatlarvaa in 15 daya, theose reared at
27° € requ’ »d 12 days, and those reared at
30% C, only 11 days. The larvae were posi-
tively phototropic to low light intensities.

white shrimp below 10 mm total length.

edge of eye,

3.23 Adolescent phase -;

Renfro (1964) has defined the following
post-mysis stages in development:

Life stage Beging aty

Pogtlarva Loss of exopoda from peréinpndﬂ
Juvenile 25 mm total lengths ratios of
- lengths of hody parts assume
adult prupnrtlnna
Subadult 90 mm tntal length; female
‘ovaries start to develop
Adult 140 mm total length; females

sexually matura, ﬂapahle of
spawning

Williams {1953, 1959) reviewed the work of
Pearson (1939) and presented criteria for sepa—
rating pestlarvae of brown shrimp from those of
white and pink shrimp of comparable size in
North Carclina. Postlarvae below 32 mm and
above 18 mm total length could be separated o
species. Those in the range 12 to 18 mm could
not be distinguished. Baxter and Renfro (1966)
reported that the characters given by Williams
(1959) are useful only in separating brown and

Key to pﬂﬁtlarvae under 12 mm total lengih
(Hilliama, 1959)

-"A. Tip of raatrum extending ta distal

- edge of eye; third pereiopod extending to or

beyond .distal edge of eye.

" 1. -Antannal scale broadly rounded
distally, lataral spina Excaeding tip « o « o &
- Penaeus aztecus

: . 2« Antennal scale acutely rounded
distally with apex near mesio-distal border,
lateral spine not reaching tip (middle post-
larvae with several rostral epines) « « « o « .
- I - Penaeus duorsrum

Bs Tip of rostrum not extending to distal

1. Third pereiopod extending to distal
edge of eye; antennal scale acutely rounded dis-

- tally with apex near mesio-distal border, later-

al spine not reachlng tip ¢ o« o ¢ ¢ o ¢ o o o« o
. - . - Penreusg duorarum

2. Third pereiopod not extending

“beyond distal edge of eye, often not reaching
-diﬂtﬂlEdgEUfﬂyﬂ-ii-'i.n-llittll

Penneun getiferus™
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" Recently, Ringo and Zamors (1968) dgw
tected a difference that may allow geparation
of postlarval brown and pink shrimp from post<
larval white shrimp at all sizes. Brown and
pink shrimp postlarvae have small spines on the
dorsal carina of the 6th abdominal segment.
The numbers and length of spines increase with
increasing length of the shrimp. Thesc spines
are not present on white shrimp. By noting
the presence or absence of epines, Ringo and
Zamora correctly identified postlarval brown
‘and white shrimp (5 to 25 mm total length) of
 known parentage. In contrast, identification
- of these same shrimp by using combinaticns of

charactars given by Pearson and Williams resul-
| tad in errors as great as 38 percent.

' Durlng the aarly puﬂtlarval HtagEE, tha
shrimp are planktonic in the open sea. At-'a
total length of about 10 to 14 mm, they migrate
into the estuaries. The factor (or factors) .
bringing about this movement has not been iden-
tified, but several studies have been made
which describe the movement of the young ahrimp
into the estuaries,. their activity while in
inside waters, and their muvemant back to the
open Eea. - -

It has been generally accaepted that post=
larvae move inte the estuaries shortly after
gpawning has taken place, and some authors have
uwsed the appearance of large numbers of post—
larvae on the nursery grounds as an indication
that a period of increased spawning activity
shortly precaded their arrival (see mection
3.16). There is increasing evidence, however,

- that in the northwestern Gulf of Mexico, larvae -

or postlarvae, or both, overwinter in waiers of
the continental shelf and enter the estuaries
the following spring (Temple and Fischer, 1968
Aldrich, Wood and Baxter 1968) have shown

that under laboratory conditicons postlarval
Prown shrimp burrew in response to decreasing
temperatures. Theae authors hypothesize that

", « » burrowing is a mechanism through which

- P, aztecus postlarvas survive during at least

a portion of the winter offshore as well as
during early Bpring in the estuarine areaa“'

Baxter and Renfro (1966) collected brown
shrimp postlarvae throughout the year in .-the
surf zone along the beach at Oalveston, Texas,
- but their numbers were greatly reduced in win-
ter, Examination of size modes indicated that
the postlarvae gpend little time in the surf
zone and consequently do not use it aa a nure
sery area.

Pnatlmaa move into the estuaries on flood
tides (Simmons and Hoese, 1959; St.Amant, Broom
and Ford, 1966; Copeland and Truitt, 1966} Dax-
tor, 1966), Simmons and Hoess {(1959) and St.
Amant et al. (1966) found no diffesrences between
day and night catches of postlervae entering Mes-
quite Bay, Texas, and Barataria Bay, Loulsiana,
Baxter and Furr (1964), however, after sampling

'.-nf 3 6

‘and St. Amant, et al., 1966).
“and - Aldrioch (1965) determined by labdoratory

ature changes.

kY.

- ' . - |
‘at the entrance to Oalveston Bay, Taxas, for

- 96-h period, reported that nearly 70 percent
‘the postlarvae caught were taken at night.

Copelandand Truitt (1966) determined that poste
larvae-entering the Aransas Pass inlet usually
were nearer the surface at night; during the
day, they could detect no differences between
the pnumber of shrimp taken in surface and
bottum Bamplea. -

After entering estuarine waters, postlarvae

_ﬂnncentrata in the marginal areas, usually in
leas than 0.9 m of water, where there is atta-
ched vegetation or abundant organic detiritus,

or both. The young shrimp remain in these shal=-
low, protected areas for 2 4o 4 wk} then they .
move into the desper waters of the estuary be-
fore returning to offshore waters (St. Amant

et al., 1966; Parker, 1966) S

Aldrich (1966) observed that pnstlarval

_brown shrimp in the laboratory are capable of
Bwimming at rates which project to 4.6 km per

day. He cited field observations of R. D. Ringo
which show that brown shrimp postlarvae disperse.
$hrough Calveston Bay, Texaa, at an average rate

per day. |

The rola Balinlty playa in the ghrimp's

| -lifa haes been subject 1o much ivestigation,
. ‘From observations in the field, wvarious authors

have reported that young shrimp are most abun-
dani in waters of a specific malinity range.
Statements as to these ranges, however, vary

among suthors (for examples see Parker, 19663
Zein-Eldin.

experiments that salinity had no appreciable
effect on either survival or growth excsept at
temperature extremes. They suggested that other
factors, such as food or cover, are mora impore
tant than esalinity in determining distribution,

grnwth and ﬁurvival of young brﬁwn shrimp.

Bruwn shrimp are. affected graatly by tempar-

For a detailed discussion see
section 3 53. - - |

- The Bige at ‘which juvenile shrimp leave tha
estuaries is variable. The approximate average.
gize of brown shrimp leaving the nursery grounds
in Flerida is 100 to 105 mm (Jﬁyce, 1965). Cope~
land (196%) reported that brown shrimp emigrate
through the Aransas Pass, Texas, inlet at a total
length of 70 to 80 mm., He found peak abundance
of emigrants during the time of full moon in
Hay, June, July, and August and concluded. that
YApparently the high tides and fagter ocurrents
that accompanied the time of full moon was encugh
%0 trigger the movement of these shrimp « «» ¢ ¥

Trent (1967) stated that peak adbundance of
brown shrimp emigrating from CGalveston Bay,
Texas, occurred in May and June in 1966 and that
the size of shrimp leaving the bay inﬂraaﬂad as
the season progressed,
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Fiwmors shd Hoessé {1959) reported that ali
wovement from Mesquite Bay, Texas, was nocturnal,
They could pee shrimp in the water at night; by
@crning none were in the water, but many were
fovnd buried in the bottom. They said "The
migration in each instance began the following
aight, by actual observation." .

Trent (1967) observed a diuwrnal variation
in the depth distribution of the shrimp in the
channal connecting Galveston Bay and the Quif

‘of Mexico; shrimp were near the surface at
night and near the bottom during the day.

~ 5t. Amant et al. (1966) hypothesized that
crowding in the estuary may cause an earlier
offnhore movement of smaller shrimp in some
years, | |

3«3 Adult phass
r3y31 Longevity

B No technique has been developed to deter~
mine reliably the age of brown shrimp. Kutkuhn
(1962) said that the average life span of the
more imporiant penaeids is about 18 mo, but
thati many females probably live longer.

J.32 Hardiness

‘See gection 3.32 in synopsie on white
shrimp P, setiferus by Lindner and Cook
(1970? for discuasion applicable to penasid
shrimp, - -

3.33 Competitors
See section 3.33 in synopeis ﬁn white
shrimp P. setifeiuta by Lindner and Cook
(1970 for diecussion applicable to penasid
Bhrimp. :

3,34 Predators
ces section 3.34 in'ﬂynnpain on white
shrimp, P. setiferus, by Lindner and Cook
(1970) for discussion applicable to penaeid
shrimp. _ 3 |

3.35 Parasiiaﬂ, diseanes, inJurieﬁ
- and abnormalitien

The following parasitss have been rucorde&ﬁ

from P. a« mziecust Class Telosporidea: Noma-
topsis penasus Spragus, 1954, Trophozoites,

Sporonts, and gametocysts have been recorded
from the intestinal tract of the host by Kruse
(1959), who reported 100-percent infection in
Alligator Harbor and Apalachicola Bay, Florida.
Bhrimp lome the infeotions if they are not con-
bineally re’ .tected (Kruse, 1959), The intes-
tinal epith: !{um can be appraciably damaged

iﬁpraguu; 1954).

is soft and milky white,
- 1ieve that infected shrimp do not kesp well and

Pasyatis gabina, by Aldrich (1965}.

| ' é3.El!s 1959).

- Bpacinen was 2o

_ FRm/8102 Penaeus a, aztagyﬁ

Cephalolobus penamcug Kruse, 1959. ,Tropho-
zoltes may occur in the stomach strainers (Hut-
ton, et al., 19591 Kruse, 1959). Kruse (1359)
reported 18 percent infeotion and an average of
8 trophozoites per shrimp in Apalachicola Bay,
Flnrid&.. | | ' |

- Class Unldesporidea: Thelohania sp. (Kruse,
1959). Sporonts, pansporoblaste, and spores

were found "Mainly in muscles but also in other
organs™ in 16 percent of the shrimp examined

- from Alli?atnr Harbor and Apalachicola, Florida,

by Kruse (1959). Infecied musculature is "white,
with intermingled blue-black areas and lacks the
firmness of normal muscle" (Kruae, 1959).

| Nosema nelsonl Sprague, 1950. Spores may
occur in musocle tissues of the entire body
(Sprague, 1950)s The flesh of infected shrimp
Some bait dealers be-

die in a short time (Hutton et al., 1959). .

Claas Castddat Pfﬁchristianella'gggﬂgir:: 

" Eruse (1959). - Plerocerci occur in "Digestive
‘gland and tissues surrounding digestive gland

and stomach, blastocysts of larvae Prequently -
poneirating wall of digestive gland™ (Kruse,
1959). = Adulis have been recorded from the ray,
In the
northeastern Gulf of Mexico, Kruse {1959) repor-
ted 90.6 percent of tha shrimp infected, with an
average of 6.2 plerocerci per shrimp. Aldrich
(1965§Ereportad'45 percent infection ir tha (Gale
veston, Texas, area. Both the inciddnoe and
intensity of infection increase with the sizs of
the shrimp up to about 14 mm carapacs length .
(Aldrich, 1965)., Aldrich (1966}, working in ths
laboratory with infected brown ahrimp, concludad
that shrimp mortality over a 5-wk pariod was not
caused by Ps penaei. In addition, he stated
that thb time spent in the shrimp by the parasite
axceeads 5 wk, | -

. Cestode larvae have been recorded from ths
internal lining of the midintestine by Kruse
(1959), who reported 16.4-percent infection in
Alligator Harbor and Apalachicola, Florida.

- Rumbers per shrimp ranged from 27 to 122.

Clasc Nematodat Contracascum sp. (Eﬁttnn
Juveniles hava been found “In .
digestive gland and tissues aurrounding digoctive

gland and stomach, not enoysted” (Kruss, 1959),

In Alligetor Harbor and Apalachicola fay,;
2.3

Florida,
ercent of the ehrimp were infacted (Kruce,

'1959). Hutton et al., (1959) reported a 2,8.per

cent infeotion in shrimp collected from widely
soatiersd areas. The greatest number in a single
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- 34 Nutrition and growth

-

3«41 Feeding

Sea seotion 3.41 in synopsis on white
shrimp P. setiferus by Lindnar and Cook
(1970) for discussion applicable to penasid
ghrimp, | . |

3,42 Food .

In North Carolina, the stomache of adult
and young shrimp from the estuaries were full
or half filled in the autumn, nearly always empty
in the winter, and usually full in the summer
(Williams, 1955), In acdition, Williams (1955)
reported that stomach contents were macerated
- and hard {to identify. The moat abundant mate-
rial was ". . . usually a mass of unrecogniz-
able debris, probably a mixture of digesting
- tissue and organic deposit from the bottom . .
Most of the materials, except the muscle fiders
-and unrecognizable debris, are hard. Although
they indicate types of food that shrimp eat,
‘they are too hard to be triturated easily and,

. because large fragments.will not pass through

the straining epparatus in the pyloric gstomach,

- hard parts may accumulate in quantity in the

stomach. Whether most of these hard materials
are furither broken down for alimentation or are
- regurgitated is nuu known, but unrecognized

- . softer and more easily digested materials could

" aasi%y form the bulk of the diet" (Williams,
- 1955). . ' \ .

3.43 CGrowth rate

- Growth of P. a. aztecus is related directly
to temperature. Zein-Eldin and Griffith (1966)
reported the results of laboratory experiments
in which postlarval brown shrimp were held at
temperatures ranging from 15° to 35° C, They
atated, "Growth increased with temperature up

to 32.5% C, Maximal increases of growth rate
per unit of temperature were observed in the
temperature range of 17.5° to 25° C,'" and,when
mortality is considered, ". . .in the labora-
tory gross production is optimal at temperatures
of 22.5° to 30° C." 1In an earlier egxperiment
(Zein~Eldin and Aldrich, 1965), postlarvae held
in the laboratory for 1 mo at 11° C exhibited
almost no growth. . x

‘condition (K) of shrimp grown in ponds.,
- factor K was derived by the formulas

— L5
and May from 1962 to 1965, Rate of growth va-
ried from nil to 2.5 mm per dsy. They obser-
ved "There eppeared to ba a trend, though not
completely evident in these data, for the growth
of brown shrimp to be less then 1.0 mm per day
when the water temperature was below 20°C and
less than 1.5 mm per day when the water temper~
ature was below 25°C, Iittle or no measurable
growth was noted at cumulative average water
tempasraturee below 16°C,"

.

- There are no publiahe& data on growth dur-
ing the offshore or adult phase of the life
cycle. | . .

Wheeler (1967) computed the coefficient of
The

*iéé"'w'
v3

K=

- where W = weight in grams and L = length in

- 8.22,

The highest value he recorded was
growth, the K value was

millimeters.
During rapid

-_BbUVE_712i

. A maximum conversion rate of 53 percent was

calculated by Zein-Eldin and Aldrich {1965) for

postlarvae fed Artemia nauplii. They also learn~
ed that efficiency of food conversion varied with
temperature and salinity. Oriffith (19656, and
personal communication) isolated 4 postlarvae of
12 to 18 mm and fed them brine shrimp nauplii.

He then calculated individual feeding rates as

~~the shrimp grew through the 18-to 38-mm size ine

- B oFTT

L -

terval,: The feeding efficiencies and the time
required for each shrimp to grow 20 mm weret
4> percent, 12 daysj 43 percent, 20 days,

43 percent, 21 days; and 34 percent, 2 days.

344 .Metahulism
Williams (1960) and McFarland and Lee (1963)

have demonstirated that P. a. aztecus adulis and
Juveniles regulate hyperosmotically in low- s&-

| linity water {under 307o) and hyposmotically in

Orowth estimates of postlarval and juvenile

F. a. aztecus on the nursery grounds range from
1.0 to 2.5 mm per day (Williams, 19%5; Loesch,
1965; Joyce, 19653 St.Amant et al., 1966; Shrimp
Bioclogical Research Committee, 1966)., loesch
stated "Brown shrimp spawned in late summer

grew 13 1o 18 mm per month from Novemder to
April, and 30 to 35 mm per month from April to
May. The apparent early summer growth rate of
March-spawned brown shrimp was 30 to 43 mm per

month. Very young brown shrimp may grown as
much as %0 mm per month,.' St.Amant et al,

(1966] studied the growth of P. a. aztscus /in
Barataria Bay, Louisiana, during March, April,

LM

hign-salinity water. Most ghrimp tested by Mo-
Farland and Lee withstood dilutions down to 5 to
6%s« Further dilution caused complete losa of
sequlilibrium and almost complete mortalitiy after
24 h.  Williams (1960) found that at temperatures
of 8.7° to 8.8° C the shrimp’s ability to regu—
late is impaired and its blood tends toward i{so=-
tﬂniﬂityi K |

Brown shrimp also regulate the ionic concen-—
tration of Na, Cl, X, Ca, and Mg, in their serum
(McFarland and Lee, 19635- | -

| love and Thompson (19686) isolated 23 amino
acids from dbrown shrimp tails and offal. Concen-
trations of a number of amino acide varied ges-
sonally. Conoentrations of a number of amino
acids also differed between P. a, aztecus and
sotiferus, For a more detalled dipcuesion of
this work see section 3.44 of synopsis on Pennsus
getiferug by Lindner and Cook (1970),

P.



X 1454'-“

11— FRm/8102 Penaeus a, sztsous

. N -
] " -
r
1
N
'

3,51 Migrations and local movements

Jee section 3.23 for movements of postlar-
vae and Jjuveniles.

- Iittle is known about the movements of
adult P.a.aztecus. Commercial oatch statis-
- tlos show that the shrimp gradually move off-
Bhore into deeper water after leaving the es-
tuaries, Berry (1964) suggestod, however,
"es. -that peasonal migration is not an impor-
tant cause of differences in the frequency
with which size groups enter caiohes made at
depths greater than 25 fathoma." |

McCoy and Brown (1967) performed a mark-
reoapture experiment in North Carolina from
June through October 1966, The results, based
on a limited number of returns, indicated that
- after leaving Beaufort Inlei{, the shrimp migra-
- ted southward down the coast,
‘tance traveled was about 241 km in 5 wk,

| - Klima (1963), reporting the results of
- geveral mark-~recapture experiments with brown
shrimp in the northwestern Culf of Mexico, sta-

- ted that during the period April through June,

- mogt shrimp did not move great distances-—usually

lesa than 48 km. Movement was parallel +to
the coast, between the 29-and 55-m {16-and -

30«fm) contour:. The greatest distance travel~
led was about 314 km. - ;

After examining commercial landings, Cunter
(1962) believed that the brown shrimp population
moves gouthward along the Texas coast during

“autumn and winter.

3,52 Schooling

| Brown shrimp do not school extensively
(Hildebrand, 1954). | |

.3.53 Responses to stimuli

-Hilliﬁma (1958) who tested ths preference
of Juvenile P.a.nztecus for different sub-

P e ey

strates, learned that they occur most jraqueht—

ly on the muddier subatrates. He also notsd
.that the small shrimp do not burrow very often
on & shell-aand subsirate, but tend to hide in
snterstiosp at the surface, 7The adults occur
- mostly on mud or silt bottoma (Springer and
. Bullis, 19543 Hildebrand, 1954). o

Young shrimp are tolerant of wide fluoctu-
ptions in salinity. They have been taken in
salinities as low as 0,22%: (Cunter and Hall,
1963) ané ~3 high as 6% (Simmons, 1957).
Zein-Eldis. and Aldrich {1965) found that, in the
‘laboratory, Balinity had 1itile or no effect on

-1iﬂitiﬂﬂi

- {Zein~-Eld

The greatesat dis~

gelther survival or growth of postlarvas axoept
at extreme temperatures. Tolerance was reduced
at salinities below 10% at T7° and 15° C. Mo-
Farland and Lee (1963), in their etudy of the
ability of brewn shrimp to regulate body fluids

(see section 3.23), concluded that thias speciss

isa physiologically adapted to tolerate high sa-
They suggeated that tolerance of
high salinities is gained by saorifics of a
degree of regulatory ocapability at low salini-
tien, . ' . y - ' .

“Juvenile brown shrimp (83 to 110 mm total
length) have an averaga oxygen consumption of
0.3t ml O,/g/h after a 10-min exercise period

in and Klima, 1965) These authors
also learned that a 0.%-percent fast graen
(FCF) stain injection did not affect oxygen up~
take of the shrimp. - | o

Temparaturs has a prahuﬂhced affect uh
growth and survival of postlarvae in the labo-
ratory., At 112 C, growth is essentially nil

'_(Zain—Eldin and Aldrich, 1955]._ Zain-~Eldin and

Griffith (1966) reported that rate of growth
increases with {emperature up to 32.5° €. Sur-
vival for 1 me was greatly reducsd at 32.5% C,

and no shrimp survived at 35°C.- They caloula-
ted that groass production is best at tempera-

tures between 22.59 and 30°C. From field obser—
vations, Si. Amant, Corkum, ana S8room {1963)

- reported that no appreciable growth can be seen

in brown shrimp postlarvae at temperatures balow
20° C. Laboratory experiments by Zein-Eldin and

Qriffith (1965) suggested that temperature in-

fluences growth through a change in melting rate
rather than by affecting the inoreass in gize
per molt, | o

Under conirelled conditions in the labora-
tory, Aldrich et al. (1968) observed that
postlarval P. a. aztecus burrcowed as tempara-
tures were reduced to 12° to 17° U and emerged as
the température wasz increased to 18Y to 21.5° C.-
The authors discussed this behaviour in relation
1o ihe esasonal pattern of abundance and sugges=-
ted that it may have survival value during cold
waather., | - '

The offshore fishery for brown 8! vimp iz a
nighttime fishery. - These shrimp usualiy burrow
during the day and are active at night., Joyoae
(1965? reported that in inshore waters of northe-
eest Florida, 7t percent of ths shrimp he sam-
pled were caught during the day, whereas at off-~
gshore stationa (average depth, 1Z.1 m) he caught
51 percent at night. Springer and Bullis {1952)
sald that differences in day and night catch

- rates were not as apparent in the dseper waters

ag in the shallow waters of P. a, Aztecus range,

Fish meal and dog food are used to atirect
shrimp in Florida (Joyce, 1965).
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4 - POPULATION
de1 Siruocturs
Jell BSex ratio

| 111 (Ronfro and Brusher, 1963 Joyoce,
- 1965),

4.12 Age ocomposition

- Age composition of the catch varies direct-

1y with recruitment and movement of the maturing

shrimp to offshore waters (Kutkubn, 1962),
4¢13 Size composition

| In ths lesger deptha of their range, |
seasonal size composition varies with reoruit-
ment in the same manner as age composition,
Berry (1964) presented evidence that the in-
fluence of seasonal emigration from the egstua-
ries does not have a great effect on seasonal
aize composition at depths greater than 46 m

(25 fm).,

| 3ize disgtribution of brown shrimp is ra-
lated to both distance from shore and water

- depths Larger shrimp are generally taken from
deeper water,- However, shrimp taken from a |
given depth near shore were emaller than shrimp
- fakon at the same depth farther offshore

(Renfro and Brusher, 1964).

Kutkuhn (1962) phowed modal-size distribu-
tions of the commercial catch off the U,S3. and
- eant Mexican Qulf coast for 1956 to 1959,
Weights of older shrimp are greater in propor-
“tion to their length than are those of younger
oness, The length-weight relationship of juve-
nile and sub-adult shrimp in Texas is expressed
by the following equation:

Log W = -5.483 + (3.190)(Log L)

Thara ig no appreociable difference in length-~
weight relationships beiween sexes {Chin, 1860}.

42 Abundances and density of population

4.22 Changes in abundance

See sebtion 5.43 for annual catch statis-
tics for the U,5, Qulf coast, ThHese data show
that abundance, as reflected by catch, varies
greatly from year to year. Berry (1966},
has presentad avidence that the fluctuations
are oaused by annual variations in the survival
of shrimp larvae, He stated, "In years of high
abundance, brown shrimp are plentiful over the
entire area (Mobile Bay to U.3. - Mexiocan bor-

der), and during years of low abundance, brown
- shrimp are scarce over the area, Thes factors
responsible for such wide-npread fluctuations
in abundance are unknown, but are assumed to
be linkad to oceancgraphic oconditions”,

- 1959; Bearden, 1961; Baxter and Renfro, 1966

411

1 . N . ’ .

4.23 Average density

" Kutkuhn (1962) ascertained that in the
OQulf of Mexico, the brown shrimp have a gra-
dient of abundance. He stated, "Indices
gimilarly derived for all species and arsas,
and averaged over all months for the yeers

1956 through 1959, revealed a steady in-

oreane from samt to weat in the mean harvest-
able biomass of this specles ... Maximum
atock density now oocurs off Texas and east-

ern Mexico .. l'"
4.24 Changes in density

Kutkuhn (1962} derived a fishable biomass
index which reflected changes in density off

" the U,S8. and east Mexican Culf coast.betwaan

1956 and 1959,

443 Hatalitz'and recruitment
4¢3} Racruitment

Rate of recruitment has not been deter-
mined. Beocause there is evidence of year-round
spawning, there is also probably year-round
reoruitmant in some areas. Major recruitment

~of postlarvae into the estuaries starts in late

January or February, reaches a peak in Maroh or
April, and continues until June (Hilliamﬂ,l9?5,
Subsequent entry into the offshore fishery
starts in May and continues until Auguct
(Shrimp Biological Research Committee, 1966),

4.4 Mortality and morbidity
4.41 Mortallity rates

* Berry (1964) eatimated total moriality at
66 percent per mo in offshore waters. Klima
(1963%) portulated a fighing mortality rate of
21 percent a mo and a 60 percent natural mor-
tality rate, -

4442 Faotors causing or affeoting
mortality

- Similar annual fluctuations in abundanocae
of brown shrimp over broad and widely separated
areas of the Gulf were interpreted by Berry
(1966) and Berry and Baxter (1969) as meaning
that factors suoh as differences in fishing
intensities and in laws governing harvesting
practices have but little effect on population
levels. Berry (1966) stated that these

annual fluctuations were ocaused by ocsanow-
graphioc oconditions during the larval phase .of
development. He concluded that "... present
harvesting practices probably have little

real affect on the abundance or long—-term
welfere of shrimp mtoocks",
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Several authors have postulated that ad- -
verne condltions in the estuaries during the
time that the young shrimp are moct abundant
canyge reduction in subsequent offshore catchaes,
In South Carolina, Bearden (1961) suggested
that a cold wave in 1960 might have killed the
poetlarvae, rosulting in a low commercial catch
for that year, St.Amant et al. (1966) believed
that depressed salinity valueas, resulting from
unusually heavy rains, caused the 1965 Louisiana
production to be low,

4i5.lgxnamias of population {ag 8 whole)

Baxter (1963) pointed out ithat the abun—~
dance of postlarvae as they enter the estuaries
may provide an index from which annual harveasts
can be predicted. Ususlly, the numbers of post-
larvae are positively correlated with subgeguent
juvenile abundance in the estuaries as well ag
with the commercial harvest offshore {Louisians
" Wild Life and Fisheries Commission, 1964} Lunz,
19653 Anonymous, 19653 Christmas, Gunter
and Musgrave, 1966; Berry and Baxter, 1969).

St. Amant et al, (1966) questioned the reli-
abllity of “this methody they bellieved that
the density of Juveniles shows a better cor-
relation Hith future production, |

FRm/8102 Psnacus m, axtecus
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| Barry and Baxter (1969) &.. :60d that
‘indices based on juvenile abunw:-nce show a bet-

ter correlation with offshore produotion, but
they made the following distinctions "In spite
of the variation asscoiated with oclleotions

of postlarvae, we believe the predioctions based
on poptlarval indices have gresater potentlal
value than those made from Juveniles shrimp cat-
ches because information is avallable 4 to &

waeks sooner.™

The population in the communit y &
the ecosystem |

'Hildebrand (1954) made an a:tansivb BUrvey

446

. of macrofauna on Qulf of Mexice brown shrimp

grounda. The dominant organisms were Penaeus
aztanus, Cellinectes danae, Pitar cordata,

Busycon contrarium, Astropecten antillensis,

Syacium gunterii, and Foronotus tricanthus.
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5 EXPLOITATION

5.1 Fishing equipment
511

The mest common gear ueed is the otter
trawl. Most offshore trawlers fish two 12-to
14-m flat or balloon trowvls, and smaller ves—
Bolsd in the inshore fish:iy commonly fish only
ona net, usually 15 m, The trend is toward
larger netsy; -however, 28 new hoats which en-
tered the fishery at Aransas Pass, Texas, in
1966, towed paired 15— to 21-m nets {(James Lyon,
perscnal communiocation).

Jears

Tha size a2nd construction of the otter

trawls used vary greatly, depending on area
fished, vessel size, and species of shrinmp.
Robas (1959) and Puss (1963, 1963a8) gave con-
gtruction diagrams of the typss of trawls used
most commonly in the Gulf of Mexico. HRobas!
diagram of the 12-m flat trawl calls for 15-
thread, 5.7-cm siretched mesh cotton webbing
in the body of the net, and 42-thread, 5-cm
- 8tretched mesh cotton in the cod end. In recent
Yyears, however, more fishermen have been using
synthetic twine, especially in larger nets
-~ {Juhl, 1961). The wings of the net are attach-
‘ed to wooden otter “nards (trawl doors) which
- spread the nmet as it is towed. The gize of thse
~ doors varies with the size of the net; those |
- used with a 13-m net are about 213 cm long by
81 cm high (Robas, 1959). fThe average length-
height ratio for all doors jis 2,4:1. Each door
ig attached by chains to 6-10 8-m bridles which
extend from the main towing cable {(Juhl, 1961).
By adjusting the chains, the downward and out-
ward thrust of the doors can be regulated to
make the net fish properly (Robasz, 195%).
atiached beiween the doors is a jumper or "tick-
ler" chain which rides in front of the footrope
‘when the trawl is fished (Guest, 1958)}; it ise
adjusted to ride from 0.3 to 1.8 m in front of
the footrope (Fuss, 1963a).

- In the past, lead seine weights were gener-
ally used to weight the footrope. Today, vary-
ing lengths of 6.35-mm galvanized chain are more
common. Hollow plastic or plastic foam floats
are becoming more popular than cork or rubber
floats for headrope flotation {Fuss, 1963a).

A tryv net,'ﬁhich is a:miniatura'trawl, is

of ten used to locate fishable concentrations uf'.

shrimp and to monitor their abundance during the
1¥2-to 5-h drags (Quest, 1958; Kutkuhn, 1962),
Lindner (1957) reported that most Mexican fish-
armen set out lighted marker buoys for positione
ing concentirations of shrimp during night fish-
ing. Thes : buoys are also used by U.S. fisher-~
men,

In addition to trawls, a great variety of
gear 1s used in the coastal and bay fisheries.
These include frame trawls, haul meineas, channel
- nets, lift nets, pushnets, cast nets, dip nets,

‘and fish holds are aft.

. ~Yiﬂﬂ. 1958)1
(Robas, 1959},

Also

| 211
and trap nets or weirs (Inglis and Chin, 1966}
Lindner, 19%7; Broad, 1951 .

Lindner (1957) desoribed a type of trap or
welr oalled "Charangas" which is used on the
east coagt of Mexico in the Laguna Tamiahua,
Cut brush is stuck in the mud in shallow watar
in the form of a "V" with the giden 9 to 310 m
long and with the opening facing the outgoing
tides, A fiber-meshed screen is placed in a
D.6-tc 0.9-m opening at the apex of the "V©,
Usually several charangas are connected in
series., Fishing is done at night with lanterns
hung over the screens. As the shrimp congre-
gate near the screens, fishermen scoop them out

with dip nets.
;_5.12' Boats

In the inshore fishery, vessels of all
types are used, ranging from unpowered dugouts
(Lindner, 1957) %o large trawlers.

The most common vessel in the offshore
fishery ia the double-rigged, Florida-type
trawler. "The Florida—type hull usually has a
round bottom, flared bow, and a broad square
transom siern. The deckhouse is forward and the
clear fishing deck, aft, Nets are towed from
booms. The engine room is under the deckhouse
The majority of the
vessals range from 55 to 70 feet in length,
with a few.as long as 795 to 80 feet or mire.
Typically, the vessels are diessl powered and
use cable rigs with drum hoists powared from
the main engine."  (U.S. FPish and Wildlife Ser-
The winches are usually 3-drum

Almogt all older vessele ares of wood con-
struction. The trend in new vessels ig %o steel
hulla. Most sghipyards are now building ships
from stock designe, many of which are 22 m ar
longer (Anonymous, 1966). About 64 percent of
the shrimp trawlers constructed in the United

States in 1966 were over 21 m (Anonymous, 1966a).

The most common types of electronic equipment
are automatic pilots, depth recorders, and radie
telephones (U.S. Fish and Wildlife Service,
1959). Most vesséls carry ice 1o refrigerate

. the shrimp. _

A few "mother" or sﬁppnrt shlps operate
occasionally. These vessels, 30 to 45 m long,

- are equipped with the necessary crew for heading

and freezing the catch (U.5. Fish and Wildlife
Service, 1958),

542

Figshing areas

5¢21 Qeneral geographic distribution
Jee section 2.1.
95«22 Goographic ranges

The accompanying map (Fig. 1), which delin-

-
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eates the primary fishing areas, is adapted
from Hildebrsnd (1954}, Anderson and Lunz
(1965), Linduer (unpublished chmervations),

and George Snow (personal communication).
5.23 ﬁePth ranges

See Beuiian 2els

:-5.3 Fishing seasons

5.31 (eneral ﬁattarn'nf saaaﬁn(a) |
The brown shrimp fishery is a year-round
fishery. - -
5 32 Dataa of baginnlng, peak, and |

. end of season(s)

, 'Graa%aat natnhea are maile usually over a
A-or 5-no period after the young of the year
have moved to the offshore watera, For exam-—

ple,. in 1956-~53, almost 74 percent of the brown .

‘ghrimp catch in Texas was landed in July to
‘Ootober (Gunter, 1962). This period of peak
‘catch varies over the range of the species, |
The peak catches for the pericd 1956 to 1959"
» o o usually occurred during July—-August off
louisiana, August-October off Texas, and Sep-

~ tember-Novembaer off eastern Hexlcu." {Xutkuhn,

1962). _ .
o 5+4 Ei%biﬂﬂ ﬂgeratiuﬁa.anﬂ reaultﬁ-'
- 5.41 |

The shrimp fishery is a mixed fishery in

"which landings are freguently composed of sev=-

eral species. In areas where effort is record-

ed. it is reported only for the dominant spe-

- cres and not for the individual speoiss. As a_

" result, no reliable effort information for
brown shrimp has been published. |

Effort and intensity

" Lassiter {1964) described several factors
affecting fishing affort that are applicable to
the brown shrimp fishery. After examining the
recorda of 1,000 boats for a 3-yr period (1959
to 1961), he reported that ", . . average land~

ings and days fished increased with vesgsel size,

at least through the 60-to 63-ton class." Ha
attributed this relation to the fact that a
high percentage of larger vessels were active
throughout the year, being able to fish under

- ¢conditiona that kept smaller boats in port,

The average increase in landings for each day
‘fished by the larger vessals was 133 kg in 1959,
348 kg in 1960, and 280 kg in 1961,

F5.42 Seleotivity

There have besn few studies on the selec-
tive properties of gear, Hildebrand (1954) ob-
served that fiehing gqualitises differ consider-
ably betwean nets and that fishermen frequently
make adjustmentis to the weight or set of thae

gtretched mesh size.,
“that the galeotive action of cod ends of differ

"distance between the doore of 9,3

-ar prices.

otter boards or change the length of the jumper
or "tickler" chain. He cencluded that "Conse-

‘quently thare is no standard gear even during

a single fishing trip."

Roelofs {1950) demonstrated that with nsts
having a S-om mesh cod end, escapemant of shrimp
90 mm in total length was about 10 percent, and
escapement of shrimp 135 mm or longer was almoet
nil. When the mesh of the cod end was 5.7 om,
the 10-parcent level of eacapement was not at-
tained until the shrimp reached a length of
115 mm; again no escapement was recorded for
shrimp 135 mm or longer.

More recently, Barry and Hervey (1965) ob-

': tﬁinad a straight line relation between the

length of shrimp retained by a ood end and its
They alsc demcnatrated

ent mesh mize varied with the 1ength of time tha

- frawls Hara fiahad-

" Dhege authnrs also léarnad th&t fﬁa size of

‘mesh in the body of the net affects the width of

the mouth of the net when it is fished, Nets
constructed of 4-and S-cm mesh had an average
and 9.4 m, -
respectively; those with 6-cm mesh, 11 m; and
those with T¢6-cm mesh, 11,3 m¢ The authors

-7 gpecualted that the catches of large shrimp with

6-and T.6-cm mesh nets should exceed those with

.-f:4-and H-cm megh nets by 15 and 20 percent.

. In most areas, the market price of shrimp
is based on sizej the larger shrimp command high-
As a result, fishermen frequently
fish in areas where large shrimp are abundant

and pass by areas with too many small shrimp.
Also, varying quantities of small shrimp are
frequently discarded by U.3. hoats, either be-
oauge they do not meet minimum size requiremsnts
or bacause the fishermen do nnt want to bother

Hith them.

Moet shrimp fishermen fish for mors than

one species of shrimp, diverting their effort

from one species to ancther as abundance changes.
It is not uncommon for boats to travel consider-
able distances in search of better catchea. For
instancea, boats based on the Atlantic coaat of

- Florida fregquently fish along the Louisiana and

Texns coagtsd.
5¢43 Catnﬁas

The firast large catches of hruwn ahrimp in

. the'United States were in 1947 (Springer, 1951 )3

however, accurate reocords of the ocaich before
1957 are not availahla‘

Tabla I gives the U.S. landings fnr 1957
through 1965, These figures do not include
catches made in the balt fishery or non-ocom-
moroial produoction, whioh in some areeas are
subgtantial,
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PROTECTION AND MANACEMENT

6.1 Regulatory (leginletive) measures

Regulations vary throughout the brown
The following types of regu—

latory messures are oommonly enforced.

5.11 Limitation or reduction of
total catch

(1) Requirement: for licenses or permits.

(11) Limitations on catoh in inaida
wAaters.

6-12 Protection of portions of
population

(1) 'Limitatinns on size and type ot
Rear used.

(11) Limitations on size of shrimp per-
mitted to be taken and landad. S

- (1ii) Permanent and temporary closure of

ingside waters.

(iv) Closure of inside’ waters to night
- fishine

(v).' Temporary closure of outside Hatara
to territorial limlta.'

1962, 1963, 1966;

63l

" "6,2 Control or alteration of physical
- '71 faaturea of the snvironment

Sau section 6.2 of Synopsis on P. seti~
forua {lindner and Cook, 1970).

6.3 Contrcl or alteration of chemical
featureg of the environment

Shrimp are vulnerable to agrioultural
pesticides (Chin and Allen, 19573 Butler,
Butler and Springer, 1963).
For a detalled discussion see seotion 3.32 of
Bynupais on P, patiferus by Lindner and Cook

'(1970)

.4 Control or alteratinn of the
ialuginal features of the
environment :

Ko attonmpts have been made to control ”

- the biological environment of the speociesn.

6.5 Artifiolal stocking

The species has not besen used for artifi-
cial stocking.
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7  POND FISH CULTURE

Tel Procurement of stiocks

| There are no commercial pond-cultura op-—
eratione for P, a, aziscus; all attempte te
oulture them have besn experimental,

For experimentation, moet workers have had
to rely on naturally produced postlarvae and
Juvanjles to ®tock ponds, The most common prac-
tice 1p .10 ocatch postlarvae as they migrate into
the bays in large numbers. Recently, a method
has been developed that has proved reliable for
- culturing small numdbers of larvae (Cook and
- Murphy, 1966} Cook, 1969). With this wme-
thod, enough postlarvae have been reared to
8tock small experimental ponds, but further re-
finement is necessary before sufficient numbers
~can be supplied for large-scale pond oulture,.

- Te3 Sannin§ jartificiali induceds
natural | |
. Brown shrimp, when held in the laboratory,
have not developed mature ovaries and spawned.
If in spawning condition when oaptured, however,
they will spawn readily in the laboratory, usu-
ally on the night following their capture. A
high percentage of the eggs hatch, but survival

of the larvas in mass oulture has been low (Cook
and Murphy, 19663 Cook, 1969). | |

7.5 Pond menagement {fertilizationt
- aquatic plant contreolj etc,
- Rnfannne in a ooncentration of 1.5/1D9 hasg
been used to control predaceous fish without
killing shrimp or other cruataceans. lLorio

(1967) removed predators by treating ponds
with rotenone at 2 ppm before stocKing.

A soluble inorganic fertilizer (3:211)

was added by Wheeler (1967) to a 1/20-ha pond
to encourage the growth of phytoplankton and
indireotly inorease the animal life. During
the first 55.days, the shrimp in this pond grew
an average of 1.2 mm a dayj however, thay did
not increase appreciably in length and actually
lost weight during the remaining 49 days of the
experiment, | e

T46 'Fuﬁdﬁ; feeding

' Wheeler (1967) tried to accelsrate
shrimp growth in & 1/20~ha unfertilized pond,
by dally adding supplemental food coneisting
of ground fish and shellfish (64 persent by

- waight) wixed with a commercielly produoced

livestock food (36 percent by weight). During
the l-mo experiment, daily inoreases averaged
0,9 mm in length and 0.073 .g in weight. In a
95-dsy growing period, produoction from this
pond wasg 131-3 kE- - | - | -
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